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Elements of Static Strength 


a high temperature followed by rapid cooling in a cold liquid. The same process 
can, however, drastically reduce the material’s ductility, to the point of inherent 
brittleness. This problem can be circumvented in many cases by skillful design of a 
heat-treatment process tailored to a specific material, but the nature of the various 
effects on the mechanical strength should always be kept in mind. Furthermore, 
in addition to the chemical composition and heat-treatment parameters, some of 
the mechanical properties can be affected by the various processes of cold or hot 
working of the metal parts. This is certainly a valid area of concern in many design 
situations. 


CRITERIA OF BRITTLE FAILURE 


Brittleness , as a material’s property, can be defined as the lack of ability to deform 
plastically. The conventional materials falling into this category include ceramics, 
glass, concrete, and certain forms of cast iron, to mention a few. Some structural 
steels, however, particularly in the welded state, can also exhibit highly brittle 
behavior below critical temperatures. The fractures in such materials can develop 
at and below the elastic limit, which also serves as a common point for the yield 
and ultimate strength. The corresponding stress-strain curve for a brittle material 
ends abruptly, as shown in Fig. 5.1. The plane of the fractured part adopts normal 
orientation to the direction of the tensile stress that precipitates this fracture. On 
a microscopic scale the brittle fracture can be characterized as a separation of 
individual crystals. 

The mechanical strength criterion required for the prediction of brittle failure 
can be based on the maximum principal stress theory which determines a general 
state of stress. This theory, often attributed to Rankine, states that under a com¬ 
plex system of stress involving three principal components, the material should yield 
when the largest of the principal stresses attains a value equal to the yield strength 
of the material. This critical value can be in either tension or compression, depend¬ 
ing on the type of the material. In a two-dimensional stress system, Eqs. (4.4) and 
(4.5) may be used in the calculations. It is recalled that these equations can be 
derived on the basis of Mohr’s theory. 


Design Problem 5.1 

Calculate the induced shear stress in a cast-iron component subjected to a normal stress 
S x = 20,000 psi for a maximum principal stress not to exceed Si = 30,000 psi. Assume 
no transverse load acting on this component. The material is expected to fail in a brittle 
manner. 


Solution 

From Eq. (4.4) 
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